WY 123 BIIZRRE AR 105 B4R RSB

% B TREREZR

EENE © 2 SHEH : 028 - B : 2
F1E #2K

MOFERAER BT TERAER - FRERERIEE AR EEEE AT -

1 [20%]3% AT 7 % 3 © B ¥ (Mach number) ~ % 2 # (Reynolds number) - % § 4 & (Flow

separation) ~ # 7 44 #(Lift coefficient) - 8. /7 4% #¢(Drag coefficient) + 7 =T & &5 i (Incompressible flow) ~

F5 AP AUAR (Viscous fluid) ~ 425 2(Stagnation point) ~ % #7F &4 (Pascal law) ~ &3 & 7 (Reynolds
stress) o

2. [15%] In the cylindrical coordinate (e,, &g, €;), a spatial vector 7 is expressed as follows: # = re, +

Ze;. Use the spatial vector # to derive the velocity formula, V = 1,8, + vy€g + v,€,, and the

DV

acceleration formula, @ =—= (— - )

Dv Vrt?,
oy "-l- s f’)_"+—e,,,‘, where {v,, vy, v,) are the

velocity components in the (2;, 23, €} directions, respectively. {13%) Write the material derivatives in
both Cartesian and cylindrical coordinate systems. (2%)

3. [10%] State and explain the Reynolds transport theorem and its application to the conservation of mass.

4. [10%] Derive the Navier-Stokes equations from the Newton'’s second law of motion. (Note, define clearly
all the variables.)

5. [10%)] Derive the Bernoulli’s equation from the Navier-Stokes equations. (Note, define clearly all the
variables and state clearly the assumptions you need to make.)

6. [ 5%] Determine an expression for the vorticity of the flow field described by V = —xy3t + y*{. Is the
fiow irrotational? :

7. [10%] A viscous, incompressibie fluid flows between the two infinite, vertical, parallel plates of the
figure. Determine, by use of the Navier-Stokes equations, an expression for the pressure gradient in the
direction of flow. Express your answer in terms of the mean velocity. Assume that the flow is laminar,
steady, and uniform.

Direction of flow
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8. [10%] Water flows steadily from a large, closed tank as shown in the figure. The deflection in the
mercury manometer is 2.5 cm and viscous effects are negligible, (a) Determine the volume flowrate. (b)
Determine the air pressure in the space above the surface of the water in the tank.
(¥n,0 = 9.81 kN /m3; S$Gyg = 13.56)
4. , ‘
=1 0.3 m diameter
2am 7.6cm diameter
T
Mercury
9. [10%] A Pelton wheel vane directs a horizontal, circular cross-sectional jet of water symmetrically as

indicated in the figure. The jet leaves the nozzle with a velocity of 30 m/s. Determine the x-direction
component of anchoring force required to (a) hold the vane stationary, (b) confine the speed of the vane
to a value of 3 m/s to the right. The fluid speed magnitude remains constant along the vane surface.




